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Abstract 
Solar distillation is a widely researched option for producing potable water in water-starved regions of the globe. Despite its 
technical simplicity and easiness-to-use, its efficiency has not sufficiently improved to promote its widespread use. The reasons 
for relative inefficiency of solar distillation are poor energy harvest at solar collectors, poor utilization of the harvested energy for 
evaporation of the water and suboptimum condensation of the humidified air in the condenser. A novel concept of solar still 
attempts to optimize the humidification-dehumidification cycle of a solar distillation unit to address these issues related to solar 
distillation units. The system works in a closed air open water humidification-dehumidification cycle. The energy source is solar 
irradiation, which heats up an air-water mixture. The driving force in the system is a small suction pressure induced in the system 
due to an aerator attached to the water inlet. A helical coil dehumidifier achieves efficient dehumidification in the system. The 
current paper describes experiments conducted to improve the efficiency of the dehumidifier attached to the novel solar 
distillation unit by optimizing the design parameters. The dehumidifier has the shape of a helical coil heat exchanger, which is 
cooled by the relatively cold water from a reservoir, which conversely, is heated by the heat of condensation. Even though there 
are sufficient studies on the design parameters of general helical coil condensers in literature, few studies are done to study their 
use in a humidification-dehumidification cycle involving non-condensable air. Further, a detailed parameter study of the helical 
coil dehumidifier is not yet done. The current paper discusses the various design parameters of a helical coil dehumidifier 
working in conjunction with a solar distillation unit as described above. Different design parameters of a helical coil dehumidifier 
discussed in this paper are pitch and diameter of the helical dehumidifier. Design insights for helical coil dehumidifier are thus 
obtained. The study reveals that the overall efficiency of a solar humidification-dehumidification cycle of a solar distillation unit 
could be considerably improved by optimizing the design of the helical coil dehumidifier used therein. 
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1. Introduction 
There are a large number of studies describing methods of producing potable water from saline water. Generally, 
the relation between water scarcity and solar insolation is such that the regions that have abundance in the latter are 
those that are affected by the former. Such water-energy nexus is the reason why solar humidification-
dehumidification (HDH) is one of the most actively researched areas today. Solar HDH makes efficient use of 
alternative sources of energy to produce potable water. 
A dehumidifier exploits reduction in the humidity of the air with reduction of temperature to condense the vapor 
content in the air as observed in its psychometric chart. The system is essentially a heat exchanger, used to remove 
the specific heat of vaporization to facilitate the dehumidification process.  However, unlike a usual condenser, a 
dehumidifier deals with a mixture of air and water vapor. In order to optimize a HDH system, it is essential to 
enhance the performance of the dehumidifier, which is the subject matter of the current study. 
A number of studies on the operating characteristics of dehumidifiers of various shapes and sizes are found in 
literature. A review of many of these studies is available in [1]. Müller-Holst et al. used a flat plate heat exchanger in 
his HDH system [2]. Farid et al., reports comparison of different dehumidifier designs attached to a HDH cycle in 
[3] and [4]. For example, they study the effects of different flow conditions on the functioning of an HDH. In one of 
their designs, the dehumidifier was made from a long copper pipe mechanically formed into a helical coil fixed 
around a PVC pipe. We use a similar approach to design a helical dehumidifier in the current study. In another 
design, a copper tube is bent around a galvanized plate in the shape of a helix and welded to it. Excepting these two 
papers, few authors have reported on helical dehumidifiers. Some papers discuss finned straight tubes or similar 
designs [5], [6], and [7]. Use of helical coils in condensers is already established. However, their use in a 
dehumidifier is yet to be explored. 
There are three main reasons to opt for a helical coil construction over other designs as reported in [8]. First, 
helical design is compact, second, it supports higher heat transfer rates and third, it is used where pressure drop of 
one of the heat transfer fluids is small. Different papers dealing with helical coil dehumidifier focus on the flow 
parameters instead of their design parameters. Hence, we attempt a study on the design parameters of a helical coil 
dehumidifier, especially the effect of pitch of the helical coil and the diameter of tubes as described in Fig 1. 
Panthalookaran et al has proposed a HDH system in [9]. Dehumidifier detailed in this paper is designed to work in 
conjunction with the HDH proposed there. 
 
Nomenclature 
D helical angle 
A  area of heat transfer surfaces 
d outer diameter of tube 
h1 enthalpy of inlet vapour 
h2 enthalpy of outlet vapour 
l condenser height 
L length of condenser tube 
m mass flow rate 
N number of turns of coil 
P pitch of coil 
Q net energy 
r major radius of coil 
ti coolant inlet temperature 
Ti vapour inlet temperature 
to coolant outlet temperature 
To vapour outlet temperature 
ts saturation temperature at condenser pressure 
U overall heat transfer coefficient 
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2. Experimental setup 
2.1 Principle of operation 
Fig. 1. Coil design parameters 
 
Fig 1 gives the sketch of design parameters investigated in the current study. The schematic of the system used in 
the experiments reported here is shown in Fig 2. The system operates on a closed air open water (CAOW) 
humidification-dehumidification cycle. The operation of the system is described as follows: The saline water from a 
storage tank flows into a solar flat-plate collector. On the path to the collector, a Venturi-aerator is arranged to enable 
the injection of air into the saline water, making the further flow a two-phase flow. The two-phase flow thus 
generated is heated in the flat plate solar collector. This increases the humidity of the air trapped as bubbles in the 
flow. The mixture of humidified air and water flows through the system aided by gravity. The flow from the solar 
collector is collected in a separator, where the humidified air separates from the heated water. The humidified air is 
sucked into the dehumidifier, assisted by the pressure drop created by the Venturi-aerator. Within the dehumidifier, 
the humidity content of the hot and humid air decreases with the regenerative cooling by the colder saline water. The 
heat of evaporation rejected by the dehumidified air is absorbed by the saline water, which is preheated before 
admitted to the solar collector. The dehumidified air is further sucked out of the system by a small suction force 
produced by the Venturi effect associated with the Venturi-aerator. 
 
Fig. 2. Sketch of HDH system 
 
The air-water mixture from the solar collector separates into water and humidified air within the separator. The 
separator is so designed that it allows water in the mixture to exit the system without permitting the ambient air to 
enter the chamber. The humidified air enters into the dehumidifier through an opening by the virtue of a small 
suction force present in the system created by the Venturi-aerator and its own buoyancy. The dehumidified air that is 
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present at the exit is sucked in to the inlet flow of saline water due to the Venturi-aerator. The air-water mixture 
forms a two-phase flow and passes through to the flat-plate collector where the two-phase mixture to complete the 
air cycle. The whole system works as a closed air open water cycle (CAOW). 
 
Fig. 3. Sketch of dehumidifier 
 
The schematic of the proposed helical dehumidifier is given in Fig 3. For easier understanding, the separator is 
included with dehumidifier design as a single unit. The separator is constructed using two concentric cylinders. The 
inner cylinder consists of perforations on the lower side, which acts as a pathway for the saline water to pass through 
to the annulus. The two phase flow consisting of the humidified air and the saline water falls into the inner cylinder, 
where, due to the differences in density, saline water and air separate. The saline water in the cylinder is maintained 
at a constant level. Such a construction facilitates the flow of saline water out of the system without affecting the 
closed air cycle. 
The schematic of the proposed helical dehumidifier is given in Fig 3. For easier understanding, the separator is 
included with dehumidifier design as a single unit. The separator is constructed using two concentric cylinders. The 
inner cylinder consists of perforations on the lower side, which acts as a pathway for the saline water to pass through 
to the annulus. The two phase flow consisting of the humidified air and the saline water flows into the inner 
cylinder, where, due to the differences in density, saline water and air separate. The saline water in the cylinder is 
maintained at a constant level. Such a construction facilitates the flow of saline water out of the system without 
affecting the closed air cycle. 
The dehumidifier consists of two concentric cylinders, one suspended from top surface of the other in such a way 
that a space is available for the condensed water to collect inside the dehumidifier. An extended pipe from a hole 
that connects to the separator acts as a path for the movement of humidified air into the dehumidifier. A metal tube is 
wound on the inner cylinder in such a way that the outer surface of the helical coil just touches the surface of the 
outer cylinder. The cold water from the reservoir is allowed to pass through the helical tube. Humidified air is 
expected to make maximum contact with the heat-exchanging surface in this construction. This would greatly 
enhance the contact time between the humidified air and the heat exchanging surfaces in order to increase the 
condensation. The condensed water moves down along the sides of the helical coil and collects at the bottom of the 
system. This design makes intelligent tradeoffs between the restriction to flow, residence time and the size of the 
components. The condensed water is let out using appropriate valves. 
Fig 4 shows the schematic of the experiment setup used in the analysis of the system. A commercial humidifier 
was used to produce the input vapor. The advantage of these types of humidifiers is that, at a constant level of water 
they have a constant power requirement, allowing one to keep the initial conditions constant just by keeping the 
water levels inside the humidifier constant. 
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Fig. 4. Sketch of experiment setup 
2.2 Initial calculations and experimental procedure 
The total amount of heat to be rejected at the available mass flow rate of the proposed system was identified from 
the expected inlet and outlet conditions of the vapor and water to make sure that surface areas of all helical coils 
were the same. The expected input temperature of the system was 70oC and the desired outlet temperature of the air 
after condensation of the water was to be 30oC. The heat to be rejected was calculated using the formula. 
 
21*( )Q m h h                     (1) 
 
The inlet and outlet conditions of the cooling water were taken to be 25oC and 28oC respectively. Logarithmic 
Mean Temperature Difference (LMTD) was calculated using the formula 
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The required heat transfer area was calculated following the procedure described in [10]. For the coils with 
different diameters, the required length was then calculated to keep the surface area constant. This was done by 
equating the heat to be rejected and the heat transferred through the copper coil of given area. i.e., 
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From the above procedure, the lengths for each copper tube with different diameters were fixed. This would 
ensure that the surface area of the copper tubes remains the same for all diameters. Five experiments each were 
conducted to estimate the effect of each of the design parameters -- pitch and tube diameter of the coil -- based on 
the amount of condensed water produced in unit time and the temperature gain induced in the coolant water in the 
coil. 
3. Results and discussion 
The desired product of the system is condensed water. Therefore, it would be appropriate to measure the amount 
of condensed water produced in each experiment. Since for each set of experiment all parameters except the pitch or 
the diameter of the tube are kept constant, the amount of condensed water generated per unit time is expected to be 
an accurate measure to compare the performance of the pitch or diameter of the coil. The temperature rise of the 
condenser coolant too can be used as a parameter to compare the performance of the system under various 
conditions. The rise in temperature of the condenser coolant should be an indication of the amount of heat 
transferred from the humidified air to the coolant water through the copper tube wall. This will indicate the optimum 
condition for regenerative effect in the system and it carries signature of the heat of evaporation removed from the 
system. 
 
Fig. 5. Condensate vs. Coil diameter graph 
 
The variation of condensed water generated per hour with the diameter is given in Fig 5. It can be seen that as the 
diameter of the tube increases the amount of condensed water increases up to a particular diameter and then 
decreases. It is because as the diameter of the system increases, a larger obstruction is placed across the path of the 
humidified air and the effective area for heat transfer in the system increases. Making use of this increased effective 
heat transfer area, more condensate is generated. This corresponds well with the initially increasing profile of the 
Condensate vs. Coil diameter graph. Now, as the diameter of the tube is increased keeping the flow rate constant, 
partially filled flow is developed inside the tube. Since the coolant in not touching the entire internal surface of the 
tube, the heat transfer rate keeps decreasing with any further increase in the tube diameter. This trend can be very 
well observed in the Fig 5. A sketch of the partially filled flow in the tube is given in Fig.6. 
 
Fig. 6. Flow patterns in coils 
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The corresponding variation of the temperature rise of the coolant is given in Fig 7. Here again we can observe a 
similar trend as expected giving validation for the observation made with condensate.  
 
 
Fig. 7. Coolant temperature gain vs. Coil diameter graph 
 
The initial temperature gain of the coolant corresponds to the increasing heat transfer area as the tube diameter 
increases. The decrease in the temperature gain of the coolant after the diameter of 10mm refers to the emergence of 
partially filled flows developed within the tubes, leading to effective decrease in the heat transfer area. In other 
words, the observation we made in the Fig 5, is reiterated in the Fig. 7, confirming the result. The variation of the 
amount of condensate generated per unit time with the pitch is given in Fig 8. 
 
 
Fig. 8. Condensate vs. Pitch graph 
 
According to Fig 8 the amount of condensate increases with the increase in pitch. Initially the slope is flatter, and 
as the pitch goes beyond a critical value, the slope becomes steeper. This is because at lower values of pitch, the 
coils of the helix are placed comparatively closer to each other and the humidified air passes over the helical 
surfaces, without interacting with the entire available heat transfer surfaces.  This leads to relatively smaller value of 
the condensate formed.  However, as the pitch of the tube increases, the humidified air tends to fill the gaps between 
the coils and interact better with the available heat transfer areas, correspondingly increasing the net amount of the 
condensate formed.  
The change of temperature rise of the coolant with increasing pitch of the helical coil is plotted in Fig 9. The 
same trend as in Fig 8 is seen in Fig 9, suggesting that as the pitch of the helical coil increases, the temperature of 
the coolant also increases, initially slowly and after a threshold pitch rather steeply. This further validates the 
explanation given to the trends in the Fig 8 that, better use of the available heat transfer area is ensured as the humid 
air could better interact with those surfaces, rather than just flowing over the tubes. 
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Fig. 9. Coolant temperature gain vs. Pitch graph 
4. Conclusion 
The study focused on improving the operation of a solar humidification-dehumidification system based on a 
closed air open water cycle by identifying the best physical design parameters for a helical coil dehumidifier. The 
proposed dehumidifier design consists of a helical heat exchanging coil packed in the annular space of two 
cylindrical tubes. Previous studies on dehumidifiers concentrated greatly on designs that used straight-tube and 
finned structures. Helical coil structure was chosen because of three main reasons--compactness, higher heat transfer 
rates and the limited pressure drop availability. Along with the dehumidifier, the theoretical design of a separator 
construction is explored, but the parameter analysis was restricted to the dehumidifier design. The experimental 
study focused on the effect of varying the pitch and the diameter of the system on the amount of condensate that is 
generated per unit time and the temperature gain of the coolant liquid due to the heat transfer occurring in the 
system. It is found out that the pitch and diameter of the coil had significant effects on the performance of the 
dehumidifier. As the pitch of the helical coil dehumidifier increased, condensate generated per unit time of the 
system increased. The improvement in performance was due to the ability of humidified air to occupy spaces 
between the coil turns and thus extend the effective area of heat transfer. As the diameter increased, the amount of 
condensate generated was found to increase until an optimum point beyond which performance deteriorated. This 
could be explained as to have happened due to the occurrence of partially filled flows in the system. Thus, the 
optimum design of the system would consist of a large pitch and a diameter that is large enough to carry a 
completely filled flow. 
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